85
The seawater eel intestine is well-known to absorb NaCl and water via the Na intestine (24) . In these models, the characteristic serosa-negative transepithelial potential 90 difference (PD) and the short-circuit current (Isc) from serosa to mucosa direction are 91 explained by the K + efflux at the apical membrane and the Cl -efflux at the basolateral 92 membrane. We previously reported that GN inhibits Isc when given to the mucosal side of 93 seawater eel intestine (53). In the previous study, however, we examined the GN effect only 94 on the Isc, and discussed that GN may enhance Cl -secretion into the lumen to supply Cl -for cotransport, also accelerate water absorption without affecting Isc.
105
In order to elucidate the mechanisms of GN action, the effects of GN on water and ion 106 absorption were further examined using various inhibitors for ion transporters. Initially, the 107 interactions between GN and bumetanide, a specific inhibitor for NKCC, was examined to 108 evaluate the effect of GN on the NKC system that governs water absorption in seawater eel 109 intestine. Then, interaction between GN and DIDS, an inhibitor for anion exchanger (AE)
110
(25, 31), were examined, since it is known that the Cl -/HCO 3 -exchange contributes to
111
intestinal Cl -and water absorption in some marine teleost including eels (3, 19, 21, 22 experiments were performed at pH 7.4 under air conditioned state (ca. 20 o C).
156
The PD was recorded with a polyrecorder (EPR-121A, Toa Electronics, Tokyo, Japan),
157
through a pair of electrodes (EK1, WPI, Sarasota, USA) and a voltage/current clamp system 158 (CEZ-9100, Nihon Kohden, Tokyo, Japan), as the serosal potential with respect to the mucosa.
159
To determine the tissue resistance (Rt), rectangular pulses (20 A, 500 ms) were applied 160 across the intestinal epithelium every 2 min. From the deflection of the PD, total resistance 161 was calculated and the Rt was obtained by subtracting fluid resistance (100 ohm.cm 2 ) from 162 the total resistance. Short-circuit current (Isc) was obtained from the ratio of PD to Rt. All 163 drugs were applied to the mucosal side. GN was used at final concentrations of 10 -9 to 10 -6 M.
164
The final concentrations of inhibitors are as follows: bumetanide, 10 -5 M; NPPB, 10 -4 M; DPC, 
166
Intestinal sac experiment
167
To measure the net water flux, the stripped intestine was halved into the middle and the 168 posterior regions. The posterior region contains P and a part of M3. One end of the 169 intestinal tube was tied with cotton thread and the other end was tied around a plastic funnel.
170
After filling the luminal side with Ringer solution, the sac was bathed in the same Ringer (rectum) separated by a sphincter (Fig. 1A) . This region exhibited the highest sensitivity and 211 the greatest response to GN in the previous study (Yuge and Takei, 2007) . We found that However, the increase in Rt is much greater than PD. Isc gradually decreased to the 218 posterior region, and only at M2 the Isc is significantly higher than that at P (Fig. 1B) . was smaller than that of GN. Furthermore, GN reversed the Isc at M2, M3 and P ( Fig. 2A, 
226
B). On the other hand, DIDS did not affect the Isc (Fig. 2C ).
227
To compare the effects of bumetanide and GN, these two reagents were applied other electrogenic transport system in addition to the NKC system.
235

Effects of various Cl -transport inhibitors
236
Since GN stimulate apical Cl -channel to increase Cl -secretion into the lumen in mammals,
237
we examined the effects of various Cl -channel blockers, DPC, NPPB, glibenclamide, and
238
CFTR-inhibitor, on the GN effect in seawater eel intestine (Table 2) . Initially, we examined 239 concentration dependent effects of inhibitors alone and found that DPC and NPPB decreased
240
Isc profoundly like bumetanide, suggesting the possible action of these inhibitors on NKCC.
241
Thus, we could not examine the effect of these inhibitors. Glibenclamide and CFTR (inh) -172 242 had little effect on Isc when given alone, and only CFTR (inh) -172 tended to inhibit the GN 243 effect, though the effect was not significant (Table 2) . Although electrogenic Cl -/nHCO 3 -244 exchanger are proposed in some fish intestine (Grosell et al., 2009; Kurita et al., 2008) , DIDS,
245
an inhibitor of Cl -/HCO 3 -exchanger, did not affect the Isc and not modify the GN effect in the 246 seawater eel intestine (Table 2) . (Table 3) , and the results were summarized in 253 Figure 6 . Bumetanide also inhibited net water flux, but this inhibition was not additive to 254 the GN effect ( Table   283 2, 3), these transporter proteins must be present on the brush-border membrane of the eel 284 enterocyte (Fig. 8) . Real-time PCR demonstrates that NKCC2, SLC26A6 (AE) and NCC 285 are really present in the eel intestine (Fig. 7) . Especially, expression of NKCC2 was high 286 and remarkably enhanced after seawater acclimation of the eel, and higher in the MI than in 287 the PI (Fig. 7A ). Similar remarkable up-regulation by seawater acclimation was observed in 288 water channel (AQP1) (Fig. 7C) , as reported previously (9). Similar enhancement in the 289 expression of these two genes has been reported in European eels after seawater acclimation 290 (14, 26, 37) . Therefore, it is likely that the NKCC2 and AQP1 are the principal players to 291 absorb water through the seawater eel intestine (Fig. 8) .
292
In teleosts including eels, GN secreted from the goblet cells into the lumen acts on two the JH2O after GN (Fig. 6 ). HCTZ and DIDS are known as an inhibitor for NCC (10) and AE
323
(25, 31), respectively. Since both drugs are applied to the lumen, these transporters may be 324 present on the apical membrane of the eel enterocytes (Fig. 8) . Indeed, the expression of
325
NCC and SLC26A6 is demonstrated in the eel intestine (Fig. 7) , as reported previously (50). in the posterior (P) intestine (Fig. 2) . Since bumetanide is a specific inhibitor for NKCC,
378
this suggests a parallel decrease in the activity of this cotransporter along the intestine.
379
Indeed, NKCC2 gene, one of the two NKCC2 genes in the eel (14), was more abundantly 380 expressed at the MI than at the PI, and up-regulated in seawater eels (Fig. 7) Rt (Fig. 1) , presence of bumetanide-insensitive Isc, and the reversal of Isc after GN (Fig. 2) . 
443
Thiazide-sensitive NaCl-cotransporter in the intestine: possible role of hydrochlorothiazide 444 in the intestinal Ca 2+ uptake. J. Biol. Chem. 280: 19902-19910, 2005 . 
601
In parentheses are numbers of specimens used. and posterior (PI) intestine of seawater eels. All these reagents were applied only to the 609 lumen. * P < 0.05, ** P < 0.01, *** P < 0.001. 
